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IN-FLIGHT  PERFORMANCE  OF  CIVILIAN  PILOTS  USING 
MOVING-AIRCRAFT  AND  MOVING-HORIZON 
ATTITUDE  INDICATORS 


I.  Introduction 

The  first  practical  artificial  horizon  instru¬ 
ment — or  attitude  indicator,  as  it  is  called  to¬ 
day— was  develop'd  in  l!h.*S  by  Kliuer  S| terry, 
Jr.  and  was  successfully  test  flown  a  year  later 
in  “blind  flight*’  conditions  in  a  I'.S.  Navy  train¬ 
in';  plane  by  a  Lt.  James  II.  Doolittle  of  the 
I'.S.  Army  Air  Corps.  Based  on  an  early  con¬ 
cept  that  a  pilot's  primary  frame  of  reference  is 
bis  aircraft  and  that  the  earth  and  horizon  move 
in  relation  to  the  pilot  and  his  airplane,  IJ.  Doo¬ 
little  s|Kvitied  that  the  instrument  have  a 
moring-horizon  bur.  A  small  gyroseo|»e  kept  the 
bar  (A,  Fig.  1)  parallel  with  the  true  horizon, 


I'huiik  I  Aril  si'"  lira  whit:  of  tlL’s  l»ooliiilo-S|«'iT,\ 
artificial  horizon  iii->lniiin,nt.  Il  via*  similar  in  a|>- 
|icarainT  fo  «-'-.nl»*iii| . v:i r>  attilinlc  imlicators  c\iv|«l 
for  flu*  lack  of  a  "»k,v  |>oinfcr"  ami  hank  uiil'Io  imlh-cs. 

re o.t rt | less  of  normal  hanking  and  pitching  mo 
lions  of  the  aircraft.  A  fixed  aircraft  s\ml*ol 
( B,  Fig.  1)  provided  a  means  of  relatin';  the 
roll  and  pitch  attitude  of  the  aircraft  to  the 
horizon. 

Although  the  basic  design  and  operation  of 
the  “moving-horizon"  ly |m»  altitude  indicator 
instrument  has  not  changed  in  the  intervening 


415  years  ( l!>7ii ) .  there  have  lieen  many  re¬ 
searchers  and  pilots  who  have  quest oned  the 
“luttnan  factors  correctness"  of  using  a  moving 
horizon  bar  rather  than  a  moving-airplane  sym- 
lm]  in  this  all-im|N»rtant  blind  flight  instrument. 

There  seems  little  doubt  that  the  moving- 
horizon  concept  leaves  much  to  Ik*  desired. 
Johnson  and  Ifoscoe  (R)7o)  showed,  for  example, 
that  of  the  S!t  plane  crashes  in  liMiS  classified  as 
weather  disorientation  accidents,  a  substantial 
nuinlier  occurred  when  an  airplane  with  a  nor- 
mu//;/  o/ti  ruling  ggro  horizon  d itt/tfu ;/  (moving- 
horizon  instrument )  was  flown  info  the  ground 
in  a  tight  spiral.  Fills  and  Jones  (15)47),  in 
their  study  of  *J70  errors  made  by  pilots  reading 
and  interpreting  instruments  during  instrument 
flight,  showed  that  the  artificial  horizon  (moving- 
horizon)  instrument  contributed  to  a  number  of 
reversal  errors  (turning  or  recovering  in  the 
wrong  direction)  and  to  errors  due  to  illusions; 
seven  percent  of  the  errors  involved  interpreta¬ 
tion  of  hank  angle;  another  five  percent  was  due 
to  misconceptions  of  aircraft  altitude  liecause  of 
conflicts  lietwcen  Imdy  sensations  ami  instrument 
indications.  Fitts  ami  Jones  also  |>ointed  out 
that  “although  this  manlier  |of  reversal  errors] 
is  relatively  small,  the  consequences  of  these  er¬ 
rors  are  often  tragic,  and  the  amount  of  orcr- 
h  urn  in;/  associated  with  the  use  of  this  display 
|  mov  ing  horizon  instrument  |  should  lie  closer  to 
zero."  ( F.mphasis  ours.)  In  the  past  .‘57  yearn, 
many  other  studies  have  liecn  conducted  to  deter¬ 
mine  whether  the  moving  horizon  bar  or  the 
moving  aircraft  symliol  is  more  natural  and 
normal  for  human  use.  l’op|ien  ( 15KWS)  stated 
that  the  correct  form  of  presentation  should  lie 
an  exact  analog  of  what  would  Ik*  viewed  through 
the  windscreen  in  contact  (YFR)  flight.  Despite 
the  fact  that  virtually  every  research  study  re¬ 
lating  to  the  problem  has  favored  the  muring- 
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airplane  form  of  presentation  (Johnson  ami 
Koscoe,  11)70),  tin*  rationale  favor  ill*:  the  moving 
horizon  attitude  form  of  presentation  has  pre¬ 
vailed  through  the  years.  Interestingly,  most 
of  these  studies  used  ground  based,  fixed  (or  in 
a  relatively  few  eases,  movinp-hase)  trainers  or 
simulators,  in  trhirh  little  or  no  lorelemtion 
foeeex  were  piesrot.  The  few  studies  which  did 
use  actual  aircraft  involved  hiph-|K‘rforinanre 
military  planes  in  which  "smooth  arc"  tracking 
tasks  were  performed  by  highly  exjierienced 
military  lighter  pilots  and  test  pilots.  Cnfortu- 
nately,  these  provided  little  indication  of  what 
the  results  miplit  l>e  during  routine  IKK  condi¬ 
tions  with  ordinary  civilian  pilots.  This  is  prob¬ 
ably  one  of  the  major  reasons  why  little  serious 
thought  has  Ikhmi  piven  hy  o|H*rational  |K*rsonnel 
to  switching  over  to  the  use  of  the  movinp- 
airplane  instrument.  Despite  the  weight  of  re¬ 
search  evidence  favoring  its  adoption,  it  seems 
that  many  o|H*rational  | h»oj >le  still  feel  the  va¬ 
lidity  of  results  from  pmund-hased  simulators 
and  training  e\|H*riments  has  not  !>een  sulliciently 
established  for  situations  in  which  physical  ac¬ 
celeration  cues  are  Imund  to  Ik*  ini|K)rtant.  Per¬ 
haps  they  also  feel  the  results  of  the  few  llipht 
ex|K*riments  conducted  in  the  past  lane  Iscn  ton 
unrealistic  in  task  requirements  to  Ik*  useful  in 
making  such  a  far  reaching  decision.  An  inter- 
estinp  exception,  however,  is  that  the  l"SAK 
Development  K.npineerinp  Ins|K*clion  Hoard  for 
the  North  American  K-|tts  lonp-ranpe  inter¬ 
ceptor  unanimously  divided  to  adopt  the  mov¬ 
ing-airplane  steerinp  display  for  the  K-lttS  air¬ 
plane.  I'll  fortunately,  the  K-U>s  program  was 
cancelled  tin)  soon  for  operational  ex|K*rieuce  to 
Ik*  grained  on  the  use  of  this  "new"  display 
concept. 

In  peneral,  previous  research,  involvinp  little 
or  no  acceleration  forces,  showed  that: 

1.  I<o\v-tiine  pilots  and  non  pilots  responded 
more  rapidly  and  more  often  correctly  to  the 
mo\  inp  aircraft  instrument. 

2.  Positive  transfer  for  all  pilots  and  non¬ 
pilots  was  *rreater  when  switching  from  the 
moving-horizon  to  the  moving  aircraft  instru¬ 
ment. 

•'1.  All  pilots  ami  non  pilots  demonstrated 
fewer  reversals  with  the  moving  aircraft  instru¬ 
ment. 


4.  Iiow-time  pilots  and  non-pilots  subjectively 
"felt"  that  the  moving-ail  plane  instrument  was 
more  "natural"  and  "easier  to  interpret." 

f>.  Initially,  e\|K*rienced  hiph-time  pilots  sub¬ 
jectively  were  more  "at  ease"  with  the  moving- 
horizon  instrument. 

Concerninjr  these  finding,  however,  dohnson 
and  Koscoe  (li>70)  pointed  out  “it  is  essential 
that  certain  critical  ex|K*riments  Ik*  conducted  in¬ 
flight  to  eliminate  the  |M>ssihility  of  drawing 
spurious  conclusions  from  a  simulated  f!i{rht  en¬ 
vironment.  Hotli  the  s|K*ed  of  learning  by  rela¬ 
tively  inex|H*rieneed  pilots  and  the  ease  of 
transition  of  highly  ex|K*rienced  and  currently 
proficient  pilots  must  Ik*  measured":  they  also 
emphasized  that  "llipht  tasks  must  Ik*  ojiera- 
tionally  realistic  and  representatively  diflicult 
and  stressful." 

In  order  to  examine  the  problem  in  an  environ¬ 
ment  representative  of  several  {reneral  aviation 
instrument  fly  inp  situations — in  which  accelera¬ 
tion  loads  and  some  form  of  psychological  llipht 
stress  would  Ik*  present— an  FAA-CA.MI  in-flight 
study  was  initiated.  Designed  to  measure  pilot 
|K»rformance  while  usiiifr  the  movinp-nirplane- 
symlml  instrument  and  the  movinp-horizon-bar 
instrument,  the  in  flight  study — utilizing  a  {ren¬ 
eral  aviation  ty |h*  aircraft — included  the  follow¬ 
ing  maneuvers:  (I)  recoveries  to  level  llipht 
from  shallow  and  strep  turns:  (2)  |K*rformiii{r  a 
series  of  left  and  riplit  turns  while  maintaining 
a  level  pitch  attitude:  and  ( H )  maintaining  a 
{riven  airs|K*ed  while  |K*rl’orminp  a  series  of 
spiraling  descents. 

Subjectively,  these  tasks  ap|K*ared  to  Ik*  highly 
stressful  to  many  of  the  subjects  and.  in  fact,  a 
few  subjects  lost  control  of  the  aircraft  and  pave 
up  after  unintentionally  {retting  into  "{rraveyard" 
spirals  some  involving  more  than  op  normal 
acceleration.  Hecause  of  this,  as  well  as  on  the 
basis  of  the  other  results  of  this  in  llipht  study, 
it  is  suppested  that  the  data  in  this  report  may 
Ik*  viewed  as  lK*inp  reasonably  representative  of 
pilot  |K*rformance  in  certain  "real  life"  instru 
ment  llyinp  environments.  However,  these  facts 
should  Ik*  noted:  (I)  the  attitude  indicators  used 
in  tla*  study  were  not  exact  duplicates  in  “face 
formal"  (the  aircraft  symliol  in  the  muvinp 
aircraft  instrument  |.\.  Kip.  2|  was  smaller  than 
the  one  in  the  muvinp  horizon  instrument  [I*. 
Kip.  2|:  (2)  roll  and  pitch  indices  were  not 
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Kiri  rk  g.  Outsine-in  (moviiia-alrvrnfl  i  atillmlo  ln<llcat<>r  licit)  uiIIIzimI  llxnl-horixoii  anil  aircraft  symbol  that 
inovctl  liotli  vertically  and  ratal {••iitilly  for  pitch  mil  hank  Information.  To  provide  space  for  these  inovi*- 
incnts  mpiired  use  of  a  smaller  aircraft  symbol  than  that  usml  in  the  contemporary  inside-out  i moving-hori¬ 
zon)  attitude  Indicator  (right).  f tot h  Indicators  in  this  photo  depict  an  attitude  of  approximately  -ts°  right 
hank  and  10°  nose  down.  However,  the  moving-horizon  bar  iltt  can  be  mistaken  for  an  aircraft  symbol,  giv- 
inu  Initial  Impression  of  climbing  turn  to  left.  Pointer  ft')  moving  toward  left  may  also  tend  to  psychologically 
say,  "We’re  turning  left." 


identical  in  each  indicator:  (.".)  vertical  displace- 
inent  of  the  moving  aircraft  symbol  for  ;t  given 
|iitcli  change  was  twice  that  in  the  moving- 
horizon  instrument:  and  (i)  sky  ground  colors 
on  the  instrument  faces  flittered.  It  would,  of 
course,  have  lieen  ideal  to  have  had  itlentical 
a|)|iearance  and  pitch  displacement  in  ImiiIi  in¬ 
struments,  hut  this  cotthl  not  Ik*  done  within 
time  and  financial  restraints. 

II.  Equipment  and  Methodology 

A  Iteech  T-ol  two  place  military  trainer 
(Fig.  •'!)  with  tandem  seating  and  a  Mind  thing 
hood  oxer  the  rear  cockpit  was  used  in  the  study. 
(This  aircraft  was  particularly  appropriate  for 
the  study  Imeause  its  design  strength  more  than 
Sg  positive  and  lg  negative  eliminated  much 
of  the  hazard  involved  in  permitting  the  sub 
jects  to  lose  control  of  the  aircraft,  as  some  did.) 
A  Lockheed  model  117  recorder  was  installed  in 


the  rear  baggage  compartment  for  the  acquisi- 
t  ion  of  pitch  find  roll  data. 

The  test  attitude  indicators  were  installed  in 
the  instrument  panel  of  the  rear  cockpit.  Each 
subject  was  exposed  to  four  different  instrument 
displays  (Figs.  4a,  4l>.  4c,  4d).  in  a  statistically 
designed  sequence,  during  the  recoveries  from 
hanks  to  level  (light.  These  four  consisted  of 
two  full  panel  displays  (all  (light  instruments 
available  for  use)  and  two  part  panel  (attitude 
indicator  only)  displays.  In  the  alternating 
turns  and  the  descending  turns,  only  the  part 
panel  was  utilized.  However,  the  airs|>eed  indi¬ 
cator  was  added  to  the  part  panel  in  the  descend¬ 
ing  turn  maneuver.  Cardboard  disks  with 
adhesive  tapes  were  used  to  cover  instruments 
not  used  during  the  (lights.  A  hank  and  pitch 
calibration  unit  was  installed  ahead  of  the  wind¬ 
shield  (Fig.  .’>):  this  was  u~ed  bv  the  safety  pilot 
to  calibrate  the  recorder  and  the  visual  indica¬ 
tions  of  the  rear  cockpit  attitude  indicator  in- 
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FmtUR  41*  Fir.ru:  4I> 

Fioru:  4.  Kinh  subject  was  exposed  to  four  different  instrument  di'plavs  in  a  statistically  dosianod  srcpicuco — 
two  iitilixini:  tin*  limvim;  hori/.on  ;i t : it 1 1< !«•  iiistruiu.‘!it  and  two  with  tin*  lien  in;:  aircraft  instrument.  Knelt  of  tlu> 
two  ills|itays  was  divided  into  full  l  la  atnl  Hit  atnl  j»a it  t  lr  atnl  Ml  |iatn'ls.  ,\s  shown  in  ,|(-  ami  hi,  the  only 
instrument  availahlo  for  ain-raft  altilmlo  infonuation  was  tin*  attitmlo  indicator  In  dcsecnditi::  turns,  tin* 
alrsjtriMl  imlirator  was  also  availahlo  In  tlio  |iart  |>anr|  display. 


Figi  kk  3.  Aircraft  ttsc*cl  in  study  was  a  two-place  Itecch-raft  Montor  (T-IMl  whose*  porfornuinoo  and  liamlllnK 
characteristics  arc*  similar  to  <>untoiii|>orary,  licit!  Ki  place  ceneral  aviation  uireraft :  however,  pitch  and  roll 
Is  ley  use*  of  a  stick  rather  than  ley  a  wheel. 
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run  kk  .1.  Iii-lllalit  view  nIikwIiiu'  stclitiii:;  device  (A)  mounted  ahead  of  windshield  :iinl  windshield  linos  (III  used 
liy  safety  pilot  In  plan*  ainraft  in  |>rn|cer  attitude  while  ln>  remained  visnnlly  alert  fur  other  airi'i'iifl  in  area. 


strument,  and  to  accurately  place  l lit*  aircraft  in 
|iro|«'r  attitude  | ui« >r  to  letting  tlie  subject  take 
control  durinjr  eaeli  test  segment  of  the  llijrht. 

Suftjirts.  Thirty -two  male,  KA  A -certificated 
pilots  from  _ I  to  (id  years  of  ajre  (mean  ajre. 
M..“»  wars),  were  used  as  sulijeets.  Nine  held 
ATI?  ratings:  another  nine  were  commercial 
pilots:  the  remaining  II  held  private  pilot  cer¬ 
tificates.  Only  one  la  I'ommeivial  pilot)  was 
not  instrument  rated:  lie  was  "in  Iraiiiinjr"  for 
an  instrument  rating.  Total  living  time  of 
the  subjects  ranged  from  mi  to  |s,inhi  hours, 
with  a  mean  of  Idol  hours.  They  were  di\ ided 
into  I  wo  rrroups  of  low  time  and  liijrh  lime.  The 
low  time  subjects  had  a  total  llijrht  experience 
of  less  than  I'Hi  hours  will:  a  mean  of  1 7s  hours: 
tin*  hijrh  time  suhjeets  had  more  than  hum  hours, 
with  a  mean  of  7SS.'»  hours  (see  appendix). 

Shifixti,  ill  M<  thnil. The  llijrht  protocol  was 
desijrned  to  prm  ide  slat islieally  valid  data. 
The  data  were  tested  U'injr  two  methods:  Anal 
ysis  of  Variance  (type  SIM'-I\«|i-  Design.  Kojrer 


Kirk.  pp.  •_Mi,.l-.,!(l7)  and  Simple  K  fleets  Test 
( Kojrer  Kirk.  pp.  :>o:i-.*!iMi). 

/.’/  /'( fhir/.  Kacli  siihjeet  reeeived  a  standard 
pre llijrht  hrielinjr.  and  was  asked  not  to  discuss 
the  llijrht  with  other  subjects  to  he.  The  pre- 
llijrlil  hrietinjr  consisted  of  iuforminjr  the  suhjed 
that  lie  would  In*  recovering  to  straight  and  level 
llijrht  from  medium  and  sleep  turns.  (Ivinjr  a 
sequence  of  alternaiinjr  left  and  rijrht  turns  while 
attemplinjr  to  maintain  a  level  pitch  attitude, 
and  maintaininjr  a  jriven  airspeed  durittjr  tie- 
scvndinjr  left  hand  and  rijrht  hand  spirals.  Me 
was  also  informed  that  the  aircraft  would  /<»  c»  / 
Ih>  in  an  inverted  altitude  when  control  was 
•riven  to  him. 

The  aircraft  was  started,  taxied  and  taken  oil 
hy  the*  safely  pilot,  with  the  subject  in  the  rear 
cockpit.  After  departiuir  the  trallic  pattern,  and 
with  the  aircraft  trimmed  for  cruise  climh.  con 
trol  was  turned  over  to  the  subject  with  iii'lrm 
lions  to  climb  to  a  jriven  altitude.  Durinjr  this 
time,  as  well  as  durinjr  the  siibse.pient  familiari 
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zation  turns  nnd  calibration  maneuvers,  the  sub¬ 
ject  remained  “in-the-open"  with  the  blind  flight 
hood  in  a  stowed  position. 

The  flight  task  which  each  subject  performed 
consisted  of:  24  recoveries  to  level  flight  from 
30°  to  4f>°  bank  turns;  eight  4.r>°  banked  turns, 
rolling  consecutively  from  bank  to  bank;  and 
four  45°  banked  descending  turns — or  n  total  of 
30  turns.  A  third  of  the  first  24  turns  were  in  a 
coordinated  condition  when  control  was  given 
over  to  the  subject ;  another  third  involved 
“slipping"  entries;  and  the  remaining  third  were 
in  a  “skidding"  condition.  Half  of  the  24  turns 
involved  use  of  full  (all  flight  instruments) 
panel  conditions  and  half  involved  part  (atti¬ 
tude  indicator  only)  panel  conditions.  Slipping 
nnd  skidding  conditions  were  sui>erim]>nscd  on 
the  turns  by  the  safety  pilot  for  a  time  sufficient 
(more  than  30  seconds)  to  confuse  the  subjects 
ns  to  the  direction  of  turn  liefore  the  subjects 
took  over  control. 

During  the  time  the  safety  pilot  was  placing 
the  aircraft  in  the  appropriate  turn  condition, 
the  subject  kept  bis  eyes  closed  and  covered  by 
his  left  hand  to  preclude  any  inadvertent  cueing 
from  shadows  passing  across  his  bead.  Also,  he 
kept  his  right  hand  away  from  the  control  stick. 
I>n  a  sjtoken  interphone  command  from  the 
safety  pilot,  the  subject  ojiened  his  eyes  and  took 


control  of  the  aircraft 

as  be  scanned  the  instru- 

meat  panel. 

The  sequence  and 

conditions  of  the  turns 

(panel  configuration. 

bank  angle,  direction  of 

turn  and  “coordination  condition")  were  sys- 

tematicallv  counterbal 

anced.  A  typical  flight 

protocol  for  one  subject  is  shown  Itelow: 

Flight 

Protocol 

S  £ _ _ Xante 

Date _ 

Recover 

y  Sequence 

=tl.  Moving- Aircraft 

ii2.  Moving-IIorizon 

Indicator  ( F till 

Indicator  ( Full 

Panel ) 

Panel) 

45  It  SK 

3ft  L  SL 

30  L  SL 

3ft  L  SK 

3ft  L  SIv 

45  R  SL 

3ft  R  CO 

3ft  L  C 

45  L  CO 

45  R  SK 

45  R  SL 

45  R  C 

#3.  Moving-Aircraft 
Indicator  (Part 
Panel) 

45  L  SL 
45  L  SK 
30  R  CO 
30  R  SL 
45  L  CO 
30  R  SK 


#4.  Moving-Horizon 
Indicator  (Part 
Panel) 

45  R  CO 
30  L  CO 
30  R  SL 
45  L  SL 
30  R  SK 
45  L  SK 


Alternating  Turns  (45°  Rank) 

Moving-Aircraft  Indicator  L-R-L-R 

Moving-Horizon  Indicator  R-L-R-L 

Descending  Turns  (45°  Bank) 

Moving-Horizon  Indicator  Left 

Moving-Aircraft  Indicator  Right 

Moving-Horizon  Indicator  Right 

Moving- Aircraft  Indicator  Left 


Rate  of  entrv  into  the  turns  was  controlled  by 
the  safety  pilot  to  prevent  the  subject  from  ac¬ 
curately  assessing  the  direction  of  turn  and  the 
pitch  attitude. 


III.  Results 

/• Worn;/  from  .70°  a»if  \  Hank  Auglcu.  The 
mean  values  np|>earing  in  the  various  tables  nnd 
figures  of  the  text  should  lte  used  only  as  com¬ 
parisons  rather  than  as  absolutes.  Xot  only  were 
different  magnitudes  of  initial  bank  angles  em¬ 
ployed.  but  switching  from  one  instrument  and 
panel  combination  to  another  may  have  intro¬ 
duced  transfer  or  sequence  effects  that  could 
have  influenced  the  gross  uumlters  used  to  express 
l>er  forma  lice.  However,  the  values  are  compar¬ 
able  localise  all  such  effects  have  been  system¬ 
atically  countei  balanced. 

Two  magnitudes  of  initial  bank  angles  and 
two  directions  of  turn  were  employed  to  intro¬ 
duce  a  means  of  minimizing  anticipatory  esti¬ 
mations  of  required  corrections  by  the  subjects. 
All  initial  conditions  were  counterbalanced  nnd 
the  data  combined  for  the  pur|>osc  of  statistical 
analyses. 

/ nifiaf  Control  /«Y rrrml*.  A  subject's  control 
resitonsc  was  scored  as  a  reversal  if  the  indicated 
bank  angle  increased  by  two  degrees  or  more 
altove  the  value  recorded  at  the  time  he  took 
control  of  the  aircraft.  To  avoid  interpreting 
minor  control  irregularities  during  transfer  of 
control  as  potential  control  reversals,  the  bank 
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angle  trace  had  to  demonstrate  a  s|»eei(ic  depar¬ 
ture  from  the  established  value  (or  trend  of 
values  where  absolute  consistency  of  bank  angle 
could  not  lie  attained)  in  order  to  Ik*  scored  as  a 
reversal. 

The  mean  numlier  of  bank  angle  reversals  re¬ 
corded  for  each  sequence  of  six  recoveries  to 
level  flight  are  presented  in  Table  1. 


ATTITU0C 

INDICATOR 

nn 

Pitot 

Eiporwnco 

Moving  Aircraft 

Moving  Horlton 

Full  Ponot 

Port  Ponot 

Full  Pont! 

Port  Ponol 

High 

0.81 

1.00 

0.56 

0.31 

Low 

1.56 

0.69 

1.75 

1 .75 

Tam.e  1.  Mean  nnmter  of  hank  ancle  control  reversal* 
ilurlnc  each  sequence  of  six  recoveries  to  level  fliclit. 


Analysis  of  variance  showed  a  significant  in¬ 
teraction  lietween  experience  level  and  tv |>e  of 
attitude  indicator,  K  (1,  30)=(Mt,  p<.0.*».  A 
simple  effects  test  of  the  interaction  indicated 
that  there  was  a  significant  difference  lietween 
the  two  ex|ierience  levels  when  the  moving- 
horizon  indicator  was  used,  K  (1,  fiO)  =27.5(1. 
pC.001,  but  not  when  the  moving-aircraft  indi¬ 
cator  was  used.  The  coni|M)nents  of  the  inter¬ 
action  a iv  graphically  depicted  in  Figure  (I. 


tr 

ui 

i 

3 

Z 

Z 

< 

UJ 

3E 


0 


—  HIOH  EXPERIENCE  GROUP 
——LOW  EXPERIENCE  GROUP 
_ I _ I _ 


MOVING  MOVING 

AIRCRAFT  HORIZON 

INDICATOR  INDICATOR 


Khu  rk  it.  Mean  ntinihcr  of  reversal*  for  each  sequoinv 
of  six  reenverles  to  level  lliclit  Icoiithleuiv  level  of 
sicnitleant  ilift'eremv  Is  Imlicateil  where  a|>|ilicahle). 


(in  seconds,  measured  to  the  nearest  qunrtcr 
second)  lietween  the  moment  the  ex|ierimenter 
relinquished  control  of  the  aircraft  to  the  moment 
the  subject  hnd  reduced  the  bank  angle  by  10°. 
Tliis  elapsed  time  included  the  period  involving 
transfer  of  control,  the  subject's  rending  and 
interpreting  the  npplicnble  instrument (s),  and 
the  time  used  to  reduce  the  bank  angle  by  ll>°. 
Where  initial  control  reversals  were  experienced, 
the  time  ex|>ended  by  these  control  actions  were 
also  included  in  the  elapsed  time.  The  mean 
times  to  recover  the  first  10°  of  bank  angle  nre 
presented  in  Table  2. 


ATTITUOE 

INDICATOR 

1 

Moving  Alrcrofl 

RtvTin|  nvniwi 

Full  Ponot 

Port  Ponol 

Full  Ponol 

Part  Ponol 

High 

3.06 

3.28 

2.61 

2.55 

Low 

4.88 

3.91 

4.58 

4.13 

Taiii.k  2.  Mean  time  tin  scfomls)  to  recover  first  ten 
ileirrecs  of  hank  ancle. 


Analysis  of  variance  showed  a  significant  dif¬ 
ference  lietween  recovery  times  for  the  moving 
horizon  indicator  (3.4fi  sec.)  ami  the  moving- 
aireraft  indicator  (11.78  see.),  F  (1,  .’10)  =4.32, 
p< .<».*•.  Then*  was  also  a  significant  interaction 
lietween  pilot  exjierie.iee  level  and  instrument 
panel  configuration  (full  or  part).  F  (1,  30)  = 
ri.fi.**,  p<.0.*>.  A  simple  effects  test  showed  that 
the  high  experience  group  |ierformed  significantly 
faster  than  the  low  experience  group  tin  lioth 
the  full  and  partial  panels.  However,  the  low 
exjierience  group  recovered  faster  with  the  par¬ 
tial  panel  while  the  high  experience  group  did 
equally  well  with  either  tl.e  full  or  partial  panel. 

/t 'ate  of  Hfrorrn/  from  F.xtnhtished  Rank 
.4  Kate  of  recovery  to  wings-level  flight  is 

expressed  in  degrees-|»er-sceond  rather  than  as 
elapsed  time  so  as  to  minimize  the  effects  of 


Pilot 

Eiporionco 

ATTITUDE 

INDICATOR 

Moving  Alrcrofl 

Moving  Horizon 

Full  Ponol 

Pori  Ponol 

Full  Ponol 

Pori  Ponol 

High 

5.63 

4.90 

6.16 

6.79 

Low 

3.71 

3.89 

3.76 

3.83 

Taiiik  Mean  rates  of  recovery  <ilec/*eo)  to  level 
II itrlit  from  cstahlislioil  hank  ancles. 


Time  to  llecorer  First  10°  of  Uooh  Anr/le. 
This  |ierformance  measure  was  based  on  the  time 
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Group* 

Mean 

Rate 

(Deg/aec) 

F  Ratio 
&  df 

Significance 

Level 

High  -  Aircraft  -  Full 

S.63 

10.35  (1,  60) 

.005 

Low  -  Aircraft  -  Full 

3.71 

High  -  Aircraft  -  Part 

4.90 

2.65  (1,  60) 

N.S. 

Low  -  Aircraft  -  part 

3.89 

High  -  Horizon  -  Full 

6.16 

14.72  (1,  60) 

.001 

Low  -  Horizon  -  Full 

3.76 

High  -  Horizon  >  Part 

6.79 

22.44  (1,  60) 

.001 

Low  -  Horizon  -  Part 

3.83 

Aircraft  •  High  -  Full 

5.63 

2.35  (1,  60) 

N.S. 

Horizon  -  High  -  Full 

6.16 

Aircraft  -  High  -  Part 

4.90 

29.08  (1,  60) 

.001 

Horizon  -  High  -  Part 

6.79 

Aircraft  -  Low  -  Full 

3.71 

<1 

Horizon  -  Low  -  Full 

3.76 

Aircraft  -  Low  -  Part 

3.89 

<1 

Horizon  -  Low  -  Part 

3.83 

Full  -  High  -  Aircraft 

5.63 

7.53  (1,  60) 

.01 

Part  -  High  -  Aircraft 

4.90 

Full  -  High  -  Horizon 

6.06 

5.74  (1,  60) 

.05 

Part  -  High  -  Horizon 

6.79 

Full  -  Low  -  Aircraft 

3.71 

<  1 

Part  -  Low  -  Aircraft 

3.89 

Full  -  Low  -  Horizon 

3.76 

<1 

Part  -  Low  -  Horizon 

3.83 

Legend:  High,  Low  -  (pilot  experience) 

Aircraft,  Horizon  -  (type  of  attitude  indicator) 
Part,  Full  -  (panel  configuration) 


Tabus  4.  Component  comparisons  of  three-way  Interaction  for  rate  of  recovery  from  hanks. 
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variations  in  initial  bank  angles.  Individual 
recovery  rates  were  calculated  by  dividing  the 
initial  bank  angle  by  the  time  (to  the  nearest 
quarter  second)  required  to  bring  the  aircraft 
to  an  effective  and  constant  wings-level  attitude. 
For  those  subjects  who  failed  to  establish  a  tela- 
tively  precise  wings-level  attitude,  the  total 
|ieriod  was  based  on  a  time  point  after  which  no 
further  bank  corrections  were  made  by  the 
subject. 

The  mean  rates  of  bank  angle  recovery  are 
presented  in  Table  3. 

Analysis  of  variance  showed  a  significant  in¬ 
teraction  lietween  pilot  ex|>eriencc  and  type  of 
attitude  indicator,  F  (1,  30)  =  10.00,  p<.00.V 
There  was  also  a  significant  three-way  interac¬ 
tion,  F  (1,30)  =.V43,  p<.05.  A  simple  effects 
test  of  pilot  e.\|*erience  by  attitude  indicator  in¬ 
teraction  showed  that  three  of  the  four  compo¬ 
nent  comparisons  were  significant.  Only  the 
|ierformance  by  the  low  experience  group  on  the 
two  types  of  attitude  indicator  failed  to  lie  sig- 
nificantlv  different.  The  interaction  is  shown  in 
Fig.  7.  ' 


IN0ICAT0R  INDICATOR 

Fiat. ‘BE  7.  Mean  rale  of  recovery  from  established  hank 
angle*  (confidence  levels  of  significant  differences  are 
indicated  where  a|>|ilicalde). 


The  results  of  the  simple  effects  test  of  the 
three-way  interaction  have  lieen  tabulated  by 
com|>onent  comparisons  in  Table  4. 

The  panel  conqionents  of  the  interaction  can 
probably  be  ignored  for  practical  pur|ioses  since 
they  may  represent  an  overlap  from  the  other 
combinations-  -especially  since  there  was  no  sig¬ 
nificant  panel  effect.  Furthermore,  the  panel 
variable  did  not  show  a  primary  interaction  with 
either  of  the  other  two  variables. 

Pitch  Control  During  llecoreries.  Initial 
pitch  attitude  (at  the  time  control  was  given  to 
the  subject)  was  not  systematically,  nor  pre¬ 
cisely,  controlled  by  the  safety  pilot;  but  there 
is  no  indication  of  systematic  bins  relative  to 
magnitude  or  direction.  The  mean  for  all  initial 
pitch  attitudes  was  3..V10  from  level  flight;  the 
algebraic  mean  wasO.tMi0  nose-down. 

Pitch  control  was  measured  by  two  criteria. 
One  (ptantilied  the  excess  pitch  movement  of  the 
aircraft.  Kxcess  pitch  was  defined  as  the  total 
range  of  pitch  change  made  during  each  recovery 
minus  the  amount  which  would  have  established 
a  stabilized,  level  pitch  attitude.  The  second 
jierformance  criterion  related  to  the  rate  at  which 
pilch  attitude  was  changed  to  obtain  a  stabilized 
pitch  condition. 

The  results  for  excess  pitch  movement  are 
presented  in  Table  5. 


ATTITUOE 

1 

i 

MU 

EiptfUffCl 

Meviftf  Aircraft 

Movlnf  Horiton 

Full  Ppnai 

Port  Ponal 

Fun  Pond 

ppi  ppm 

Hiftl 

3.19 

3.21 

2.39 

2.64 

Low 

5.83 

4.35 

9.91 

9.73 

Tabi.k  r*.  Mono  rates  of  pitch  movement  (in  degrees) 
In  excess  of  required  |dteh  correction  to  establish 
effective  control  of  nlreraft. 


An  analysis  of  variance  indicated  a  significant 
interaction  lietween  pilot  experience  ami  type  of 
attitude  indicator  used.  F  ( 1,  30)  =  14.33.  p<,001. 
A  simple  effects  test  indicated  that  the  low  ex- 
|ierience  group  made  significantly  larger  excess 
pitch  corrections  than  did  the  high  exfieriencc 
group  when  the  moving-horizon  indicator  was 
used,  F  ( I,  Of))  =  13.71.  p<.nol.  However,  the  low 
ex|ierience  group  made  significantly  smaller  ex¬ 
cess  pitch  corrections  with  the  moving-aircraft 
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indicator  than  with  the  moving  horizon  indi¬ 
cator,  F  (1,  .'JO)  =:J2.23,  |»<,001.  On  the  other 
hand,  there  were  no  sipnificant  differences  lie- 
tween  the  two  protqis  when  the  movinp-nircrnft 
indicator  was  used,  or  lietween  the  two  tyjies  of 
attitude  indicators  when  used  by  the  hiph  ex- 
l>erience  proup.  The  interaction  is  shown  in 
Fip.  8. 


INDICATOR  INDICATOR 

Khii  rk  8.  Menu  riingc  of  excess  pltrh  change  during 
niincry  to  lllglit  (couth  leave  level*  of  significant 
dlflVtviices  tiro  inilinitcd  whore  ii|>iilit-jil>lt> ) . 

The  results  for  rate  of  pitch  correction  are 
summarized  in  Table  0. 


PllOf 

Experience 

ATTITUDE 

INDICATOR 

Moving  Aircraft 

Moving  Hooron 

Full  Panoi 

Part  Panel 

Full  Panel 

Part  Panel 

High 

.00 

.78 

.89 

.76 

Low 

.49 

.70 

.44 

.43 

T.uti.t:  0.  Mean  rate*  of  pitcli  corrccllon  (dcg/scci 
during  hank  angle  recoveries. 


The  relatively  small  values  in  Table  f»  are 
attributed  to  the  fact  that  the  initial  pitch  anples 


were  relatively  small,  uverapinp  lietween  <‘1°  and 
4°. 

An  analysis  of  variance  indicated  that  only 
the  difference  lietween  pilot  ex|ierienre  pmups 
was  sipnificant,  F  (1,  ffo)  =  12..W,  p<.00|. 

Hank  Angle  Control  /taring  Alternating 
Tamn.  Attempts  to  quantify  bank  anple  control 
durinp  idtcrnatinp  turns  on  the  basis  of  accuracy 
and  consistency  of  |>erformuiicc  were  unsuccess¬ 
ful  liecause  i*er  forma  lice  by  lioth  pilot  exjierience 
pmups  usinp  either  attitude  indicator  was  too 
inconsistent  to  provide  meuninpfiil  data. 

Hitch  Control  /taring  Alternating  Tarim.  The 
criterion  list'd  to  evaluate  |ierformanre  was  the 
ability  of  the  subjects  to  maintain  zero  pitch 
attitude.  The  means  of  the  total  ranpes  of  pitch 
durinp  the  maneuver  are  presented  in  Table  7. 


ATTITUDE 

INDICATOR  ! 

Eaptnenct 

Moving  Aircraft 

Moving  H  or  non 

Htgh 

12.13 

11.00 

Low 

20.13 

34.64 

Tutu:  7.  Mean  rate*  of  range*  of  pitch  changes  (tle- 
grees  (luring  alternating  turns). 


An  analysis  of  variance  indicated  that  there 
was  a  significant  interaction  lietween  pilot  ex- 
|ierience  and  t y | h*  of  attitude  indicator  used, 
F  (1,  no)  =fi.t»ff,  p <.0.*i.  A  simple  effects  test 
showed  that  the  low  e.\|H*rience  prottp  made  sip- 
uilieaully  larper  chanpt's  than  the  liipli  ex|»eri- 
ence  proup  when  the  ninvinp  horizon  imlicator 
was  usetl,  F  (1.  00)  =:W.:*.‘»,  p<.ooj.  The  low 
e.x|ierience  proup  made  sipiiilirantly  smaller 
pitch  chanpt's  when  usinp  the  movinp-nirernft 
indicator  than  when  usinp  the  niovinp- horizon 
indicator,  F  (1.  HO)  =  11.4::,  |i<.00.V  The  inter¬ 
action  is  shown  in  Kip.  St. 

Hank  Contml  in  /teareia/ing  Tarim.  The  ob¬ 
jective  of  this  maneuver  was  to  maintain  a  -to0 
anple  of  bank  in  a  series  of  desrendinp  turns. 
Knelt  turn  was  terminated  at  the  command  of 
the  safety  pilot  after  the  aircraft  had  descended 
at  least  a  thousand  feel.  The  |icrcent  of  lime 
the  aircraft  was  held  in  a  4.*»°  bank  (rL.‘i°)  is 
presented  in  'fable  H. 

An  analysis  of  variance  indicated  there  wen* 
no  sipnificant  differences  lietween  any  of  the 
values  in  'fable  N. 
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CO 


AIRCRAFT  HORIZON 

INDICATOR  INDICATOR 


Kmna:  it.  Mean  range  of  pitch  change  during  alter- 
hating  turns  Icnutldcuiv  level*  ef  significant  ililTer- 
cliie*  are  Indicated  where  a|>plicalilel. 


Pitot 

ATTITU0C 

INDICATOR 

E  i|tntKt 

Moving  Aircraft 

Nwiflj  Ncfllffl 

High 

49.05 

47.45 

Low 

47. or 

45.95 

T.wn.t:  s.  I'crvcut  time  pllnt  maintained  I.V  (-*.*1*1  of 
hank  during  d<*s(  ending  mm. 


/* itch  ( 'on h  oi  In  l h  xn  inluiif  Turn*.  Pitch 
rout  mi  was  examined  relative  to  pitch  changes 
made  by  the  subjects  in  their  attempts  to  main¬ 
tain  the  desired  ttirs|>eed.  Relatively  I  a  rye  pilch 
changes  were  jtidp*d  to  imlicate  less  satisfactory 
pitch  taint  ml  than  smaller  pilch  clump**.  The 
pitch  ranp*  means  an*  presented  in  Talih*  !». 


Pilot 

ATTITUDE 

INDICATOR 

Eaponmc* 

Moving  Aircraft 

Moving  Ho-i/on 

Hi qh 

15  50 

15.28 

Low 

23.22 

28.84 

Tamm:  it.  Mean  rate*  <>f  range*  of  pitcli  attitude  tile 
gree*  1  during  itesteudlug  turn*. 


instrument  type,  F  (I,  30)  =  11.50,  p<.00ft.  A 
simple  effects  test  showed  that  the  high  experi¬ 
ence  group  demonstrated  significantly  smaller 
ranges  of  pitch  change  with  the  moving  horizon 
indicator  than  did  the  low  ex|*erience  group, 
F  (1,  00)  “40.1#,  p<.001.  The  higli  experience 
group  was  also  sii|ierior  with  the  moving-aircraft 
indicator,  F  ( I,  00)  =  13.03,  p<.001.  Then*  were 
no  significant  differences  lietween  the  two  indi- 
valors  for  the  high  ex|terienoe  group,  lint  the  low 
ex|N*rience  group  did  significantly  latter  with 
the  moving  aircraft  indicator,  F  (1,  30)  =21.31, 
p<.001.  Tin*  interaction  is  graphically  illus¬ 
trated  in  Fig.  10. 


INDICATOR  INDICATOR 

Pmi  RK  to.  Mean  range  of  pilch  changes  during  de¬ 
scending  liirn*  (cmitlih'iMv  levels  of  slgnltlcanl  dlf- 
fcrcnci**  arv  indicaicil  w  hen*  applicaldci 

The  result*  may  In*  summarized  ns  follows*: 
Hull  liccoi'nlcx. 

(I)  Reversals  (initially  increasing  (tank  angle 
while  attempting  to  return  to  level  flight):  (a) 
then*  was  no  dilfciviicc  lietween  attitude  indi- 


•Notk:  The  summation*  given  in  tills  seetiou  refer  to 
tlnding*  wlto*c  validll.v  I*  ha*ed  on  I  Ik*  use  of  accepted 
statistical  testing  method* 

IMTeretnv*  in  iN-rfurmamv  110*  expressed  only  where 
they  were  statistically  signify  ant  at  11m*  .ft*  level  of 
contldcniv  or  higher  .Old  not  on  llie  luisis  of  the  size  of 
the  numerical  difference  Isdwivn  tin*  mean  values. 

I'erformanivs  are  exprt*s*.*l  a»  lielng  et|ual.  compar- 
alde  or  Idcnilial  when  there  wa*  no  statistically  sig¬ 
nificant  dlflcrcnic  lieiwccn  tin*  means  reganlless  of  the 
ilxe  of  tin*  numerical  diffen  e  and  in  which  direction 
It  was  wcigh«*<l 


All  analysis  of  variance  indicated  a  significant 
interaction  Udwccn  pilot  e.\|s*rieitct»  level  anti 


11 


valors  for  cither  ex|ierience  trronp :  (l»)  then*  was 
no  differemv  lietwecn  p'oii|n  when  iisintr  tin* 
mov injr  tiirr raft  ntl if ii<1«*  indicator:  (c)  when 
iisintr  tli«>  mov  i up  horizon  ntt  if  title*  indicator,  the 
low  experience  pinup  made  more  reversals  than 
did  the  hit'll  ex|ierien<v  pfnnp, 

(-)  Kecoverv  of  first  |n°  of  hank:  use  of  the 
inovinplinri/ni,  indicator  reunited  in  faster  tv 
cowries  repardle-s  of  pdot  cx|ieriemv. 

(JR  Roll  recovery  rate:  (a)  the  subjects  with 
hi).'h  ex|iericme  recovered  to  le\el  flitrht  at  a 
faster  rate  than  did  the  low  e\|ierience  pmup 
repardless  of  ty|Na  of  attitude  indicator  iimmI: 
(h)  the  hit'll  exjicrieiife  pmup  achieved  level 
flipht  at  a  faster  rate  with  the  iiiminp  hori/on 
indicator  than  it  did  with  the  mnvinp  aircraft 
indicator:  |c)  the  subjects  with  low  cx|ierieme 
achieved  level  tlit'lit  at  the  same  rate  repardless 
of  ty|N>  of  attitude  indicator  u»ed. 

(I)  Kxccss  rinpe  of  pitch  chanpes:  (a)  |ier 
forniance  of  the  liipli  ex|ierieiice  pmup  was  e<pial 
ivpardle-«s  of  type  of  attitude  indicator  ihiI; 
(hf  the  low  e\|ieririi<*e  pmup  hail  less  pitch 
change  with  the  iimv  in*:  aircraft  indicator  than 
with  the  mnvinp  hori/on  indi<'ator:  (c)  there 
was  no  diffrivme  in  |ier forma mv  of  tin*  hit'll  and 
low  oronps  when  utilizinp  the  mov  inp  aircraft 
indicator:  (d)  the  hit'll  experieme  pmup  had 
lc*s  pitch  elm  litre  than  did  the  low  cx|ieriencc 
trronp  when  iisintr  the  niovintr  horizon  indicator. 

< .*> >  Pitch  I’hantre  rate*:  ta)  the  two  attitude 
indicators  prnviiled  eipial  |*crforman<v:  ( I > >  the 
hit'll  e\|N*riema*  pmup  attained  a  faster  rale  than 
did  the  low  cx|ierirn*v  pmup  repardless  of  the 
attitude  indicator  utilized. 

/V/Y<>, ■//«/«'  ///'//»<»/  .|//»  iimllittf  '/mil*. 

(I)  Rink  antrle  |ier  forma  nee:  the  data  was 
1 1 mi  inconsistent  to  provide  iiieaiiiiitrfid  evalua¬ 
tion. 

(•_*)  Pitch  control:  (a|  pitch  excursion  ranpv 
was  less  for  the  hit'll  ex|iericn<v  trronp  than  for 
the  low  trronp  when  the  niovintr  horizon  indi¬ 
cator  was  utilized:  (l>)  pilch  excursion  rantre 
was  the  same  for  ImiiIi  trroups  when  the  niovintr 
aircraft  indicator  was  utilized:  <«•)  tin*  low  ex 
|a*rience  trronp  had  le«s  pilch  excursion  when 
nsintr  (he  niovintr  aircraft  indicator  than  when 
iisintr  the  mov any -horizon  indicator:  (d)  pitch 
excursion  rantre  of  the  hit'll  ex|a*rience  trronp 
was  ispial  for  ImiiIi  altitude  indicators. 


f’rrfotmmiir  Ihirimj  /hmrntf!nf/  Turn*. 

(1)  Rank  control:  then*  were  no  difference*! 
Iietween  imlicators  or  e.x|H*riein*e  pmii|>s. 

(-)  Pitch  control :  (a)  the  hitrh  experience 
trronp  hail  less  pitch  excursion  than  the  low  ex- 
|ierienrc  trronp  ivtrardless  of  the  attitude  indi¬ 
cator  utilized:  (h)  the  low  rx|iericnre  trronp  had 
less  pitch  excursion  with  the  movinp-uirrraft 
indicator  than  with  the  niovintr  horizon  indi¬ 
cator:  (c)  the  hitrh  exjierieme  trronp  had  the 
same  excursion  rantre  regardless  of  the  attitude 
indicator  utilized. 

V.  Discussion 

The  ivsnlls  of  this  in-llipht  study  are  some¬ 
what  surprisinp  in  relation  to  lindintrs  from 
previous  research  on  the  relative  merits  of  inside- 
out  and  outside  in  attitude  indicators.  Data 
from  many  of  these  earlier  studies  snppvst  that 
the  outside  in  ( mm  inp  aircraft )  indicator  pro¬ 
vides  lietter  pilot  |K*r  forma  lice:  Imt  this  in-flight 

study  fails,  in  the  main,  to  show  any  such  yvrll 
•  • 

defined,  or,  nil  I  advantage. 

Ill  pcncral.  of  the  twenty-two  |ierfnrmanee 
comparisons  in  yvhich  statistical  significance  was 
.ii*»  or  lietter.  then*  were  only  six  in  yvhich  the 
niovintr  aircraft  indicator  provided  compnmhle 
or  lietter  |ierformanre  than  did  the  mnvinp- 
horizou  indicator.  Five  of  these  related  to  pitch 
control  |**r  forma  nee.  Interest  inply,  in  three  of 
the  five,  the  improvement  was  related  to  |ier- 
fnrmamv  of  the  low  e.x|iericnce  pilot  trronp. 

In  another  eitrlit  comparisons,  iierformnniv 
was  comparable  ivtrardless  of  which  ty|ie  of  in¬ 
dicator  was  used:  of  these  eitrlit,  four  related  to 
pitch  control  ami  the  other  four  to  hank  control. 
In  three  of  the  rrmainiiitr  eitrlit  comparison!*-,  the 
hitrh  ex | •crieii* v  trronp  demonstrated  lietter  j>er- 
formaucc  with  the  mnviiip-hnrizon  indicator  than 
diil  the  low  cx|M*ricnce  trronp:  two  of  these  re- 
laled  to  pitch  control  and  one  to  reversals.  In 
another  three,  the  hitrh  ex|ierience  trronp  per¬ 
formed  lietter  than  the  low  jrroiip  retrardless  of 
the  type  of  indicator  used:  two  of  these  three 
tvlatcd  to  pitch  control,  and  one  to  hank  control. 
Iff  the  two  final  comparisons,  the  movinp- 
hori/.ou  indicator  prov  ided  lietter  hank  control 
|ierformun*v  within  the  hit'll  ex|ieriencc  pmup 
than  «lid  the  mm  inp  aircraft  imlicator.  In  this 
pmup  of  eitrlit  comparisons,  four  related  to  pitch 
control  and  four  to  hank  control. 
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F.ssentially.  this  indicates  that  iim*  of  (lie 
movin ff-iih'riift  indicator  |trovided  min/ninihfr 
or  hfttn  jierfornianer  in  a | >| •roxiinati*! y  ‘JTrl  of 
thr  cnm|»arisons,  tin*  nun inphorizon  indicator 
prodded  letter  |M>rforman*v  in  alxml  ■_*.“/» ,  and 
in  tin*  reiiMininjr  .Vtrr.  llim*  was  littlo  reason  to 
jnvfer  one  indicator  over  the  other.  However, 
it  should  In*  |x<inted  out  that  these  |ierfontianee 
jH*rvcntap*s  rejtresent  a  highly  simplistic  over¬ 
view  of  the  results  of  this  in-llijrht  study  and  it 
is  evident  that  the  results  were  mixed  and  that 
interactions  took  place  which  related  to  various 
combinations  of  type  of  attitude  indicator  used, 
pilot  e.x|H*rienee  and  ty|ie  of  maneuver  jierformed. 

I’ll  fortunately,  there  is  no  way  of  knowing 
whether  the  di  tie  rent  display  pitch  ratio  in  the 
moviiipnirrrafl  indicator  contrilmled  to  im¬ 
proved  pitch  control  |H*rformance  by  the  low 
exjtcrirncc  p-ouj>.  It  is  donhtfnl.  however,  that 
pitch  |ierforiuanee  was  affected.  since  the  hijrli 
exjierience  jrr«»n j *  showed  no  similar  increase  in 
pitch  control  |ierformancc  when  usiiijr  the 
movinpaitvraft  indicator.  The  subjects*  lack  of 
familiarity  w  ith  the  moving  aircraft  indicator 
may  have  contributed  to  low  |ierformanor  results 
with  this  instrument.  Also,  hi^li  exjierience 
pilots  may  have  lieen  so  accustomed  to  the  ns*  of 
the  older  ty|ie  indicator  that  it  was  more  dillicnlt 
for  them  to  readily  use  the  new  (moving;  aircraft ) 
tyjie  indicator.  Tini,  the  existence  of  real  ac¬ 
celerations  and  their  resultant  cues  during  flight 
may  have  induced  results  dilferent  from  those 
which  mifrht  lie  found  in  ground  based  simulator 
studies. 

Our  inability  to  liud  conformity  lirtween  our 
data  ami  that  from  jirevious  studies  indicates  a 
need,  perhaps,  for  some  additional  research  on 
the  subject.  As  jMiinted  out  jireviotisly.  the  de¬ 
sign  of  the  two  altitude  indicators  was  not  the 
same.  The  aircraft  symlxil  and  bank  atijrle  in¬ 
dices  in  the  moving  aircraft  indicator  wen*  much 
smaller  than  iImm*  on  the  mo\  injr  horizon  indi¬ 
cator  I  Kip  Si):  also,  the  indii*es  were  located 
lielow  the  aircraft  symli.il  instead  of  around  the 
u|i|irr  |H*ri|ihery  of  the  instrument  case  as  in  the 
conteuijHirary  indicator. 

Ilecausc  of  space  limitation,  the  size  of  the 
aircraft  symlml  in  mm  in"  aircraft  attitude  in 
•lira tors  has  to  U*  smaller  (A.  Kip  •_*)  than  the 
sviiiIniI  (It.  Kip  •_’)  in  the  moving- horizon  indi¬ 
cator.  To  jirovide  a  la rp*r  aircraft  sviiiIhiI,  a 


clump*  would  have  to  Im>  made  in  the  basic  con 
ee|»t  anil  ojieration  of  the  moving  aircraft  atti¬ 
tude  indicator  tlesipi  so  that  the  aircraft  syruliol, 
while  movin;'  in  roll,  would  remain  centered  on 
the  fan*  of  the  instrument  (A,  Kip  II):  and  the 


c 


l-’ua  w:  II  Atlitmli-  imliealni*  display  j ,r. >1  >< ■< I  l.y 
ll.islir.mk  Is  l.aMst  on  theory  tli.-il  man  prefers  Ills 
vl»iial  frame  of  referem-e  iliiiriz.uM  liar.  In  iliis  rn»ei 
in  n-main  normal  in  Ills  head  axis  ami  |iarallel  to  a 
|ilam-  ilrawu  through  Ills  eyes,  I  .urge  aircrafi  symlml 
(A i  Is  centered  on  ilial  fare  ami  moves  rotat ioualty 
to  imlii-ate  l.ank.  Ilori/.on  ilti  remains  liorl/.ontal 
lull  moves  vertleallv  to  inilieate  (ilteli  change  lair 
.•raft  Is  shown  | >1 1 i-ln-i I  up  10“ I.  Hank  ancle  pointer 
if  i  moves  to  left  in  left  turn  ami  to  right  In  right 
turn. 

horizon  bar.  while  maintaining  a  horizontal  tv 
Intionshiji  with  the  instrument  face,  would  move 
vertically  to  depict  pil<*lt  clump's  (It,  Fip  11). 

T1  is  tlesipi  concejit  would  |H*rmit  the  use  of 
the  larp*r  size  sviiiIhiI  characteristics  of  the 
iiMiviuphorizou  indicator  while  ttlso  prmidino 
the  desired  outside  in  movement  ivlalioiishi|t  ad 
vocated  by  many  researchers. 

In  n*viewiiif!  past  studies  on  attitude  indi 
cators,  it  Itceaiiic  evident  that  the  tlesipi  anti  list* 
of  the  moving-horizon  imlicator  was  jiredirated 
j *ri ilia ri I \  on  the  iisstiiiipl ion  that  the  ival  horizon 
moves  visually  ill  resjicel  to  the  jiilot"s  eyes  dur¬ 
ing  banked  turns.  In  fact,  a  conversation  with 
(•citcral  dames  II.  Doolittle  (I'.S.A.K.  Hot.) 
brought  tail  the  | otint  that  as  far  back  ns  I92S 
(when  the  first  attitude  imlicator  was  conceived 
by  Doolittle  anil  produced  by  F.lmer  Sjterry .  dr.). 
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pilots  were  "trained  to  hold  their  liodies-  -and 
heads— straight  with  the  aircraft,  particularly 
in  turns."  This  would  cause  the  real  horizon  to 
"mil"  relative  to  the  pilot  ( Fio.  However, 


I-'ku  kk  lit.  If  pilot  keeps  Ills  li  *;|(|  "straight"  with  Ills 
aircraft  in  normal  (non-acrohailci  turning  maneuvers, 
real  horizon  will  st*em  to  "roll"  or  tilt.  This  head/ 
aircraft  relationship  stressed  in  training  since  the 
early  tirjn’s  was  primarily  resp..nsii(|e  for  original 
use  of  moving-horizon  |y|»*  of  attitude  indicator. 

there  is  some  indication  that  holding  the  head 
straight  with  the  airplane,  while  making  shallow 
or  median  hanked  turns  with  refeivnce  to  the 
real  horizon,  may  Ik*  psychologically  unnatural. 
Our  |iersonal  ohservation  of  head  movements  of 
pilots  during;  |H»rformanee  of  such  ground - 


Vlit  lliglit  Is  io  hold  hea>l  normal  to  the  real  world 
during  shallow  and  medium  bankisl  turns,  resulting 
in  r<'al  horizon  remaining  lived  horizontally.  Although 
climbing  (At  or  descending  till  turns  cause  horizon 
to  move  vertically.  It  remains  horizontal  to  pilot's 
eyes. 


oriented  maneuvers  as  ‘‘eights  around  a  pylon" 
and  "S  turns  over  a  mad"  shows  that  many 
pilots  suticonsciously  keep  their  heads  normal  to 
the  real  horizon  (Fijr.  lil). 

Interestingly,  this  holding  the  head  (and 
therefore  the  plane  of  the  eyes)  normal  to  the 
horizon  regardless  of  tilling  of  the  ImhIv  is  also 
evident  amonjr  ice  skaters,  skiers,  ami  inotor- 
cyclists  when  they  till  their  Itodies  from  side  to 
side  during  scrjM*ntine  maneuvers.  The  phe¬ 
nomenon  can  also  U*  observed  anions  many 
memlH*i's  of  the  animal  l:iii<r«l  mu.  In  turns  in 
which  the  animal's  ImhIv  is  tilted  to  counteract 
centrifugal  force,  the  head  is  usually  held  normal 
to  the  rlxiiul  horizon:  this  is  dramatically  dem¬ 
onstrated  in  Fij;.  11  wherein  a  horse  is  shown 


Kiiirn:  It.  Hops*  holds  tils  unrestrained  ho;id  in  verti¬ 
cal  |Mi«iti<m  while  leaning  body  to  counteract  centri¬ 
fugal  force  during  turn  around  barrel.  Authors 
believe  this  head  |msllion  (normal  to  horizon)  pro¬ 
vides  animal  with  maximum  equilibrium,  despite  ef¬ 
fects  of  ceuirifugal  force.  (Photo  courtesy  of 
American  (Quarter  Horse  Association.) 

round  inp  a  barrel  during  a  rodeo  contest.  It  can 
also  Ik*  seen  that  the  mins  are  completely  slack, 
with  the  horse  free  to  hold  its  head  in  a  manner 
which  will  provide  maximum  c<|iiilihrium. 

Although  few  research  references  have  l*ocn 
found  relating  to  this  particular  subject,  a  Japa¬ 
nese  study  (l!H>7)  showed  that  |K*ople  livinp  in 
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buildings  permanently  tilted  by  earthquakes 
tended  to  visually  orient  their  heads  normal  to 
the  horizontal/ vertical  lines  of  the  building's 
interior.  Thus,  it  may  lie  sjieculated  that  man 
prefers  to  keep  his  eyes  normal  to  his  visual 
environment.  This  would  mean  keeping  his  head 
normal  to  the  real  horizon  during  VFR  flying; 
but  during  instrument  flying,  he  would  keep  his 
head  normal  to  the  cockpit — and  to  the  instru¬ 
ments.  By  this  reasoning,  the  horizon  bar  in  the 
attitude  indicator  should  remain  horizontal  to 
the  cockpit  fand  to  the  pilot)  moving  only  in 
the  vertical  plane  to  depict  pitch  changes  (Fig. 
11).  Ilolling  of  the  aircraft  symbol  to  depict 
bank  angle  should  also  lie  psychologically  ac¬ 
ceptable,  since  man  is  used  to  seeing  birds,  ani¬ 
mals,  and  airplanes  bank  in  relation  to  the  real 
horizon. 

As  a  final  note  concerning  this  in-flight  study, 
it  should  lie  mentioned  that  the  subjective  |>or- 
tion  of  our  evaluation  of  the  two  attitude  indi¬ 


cators  produced  erroneous  impressions.  Although 
the  investigator-pilot  was  trained  as  an  objective 
observer,  an  unconscious  bias  apparently  was 
activated,  causing  him  to  lielieve  from  his  in¬ 
flight  oliservations  that  the  moving-aircraft  in¬ 
dicator  provided  overall  improvement  in  per¬ 
formance  regardless  of  pilot  e.\|ierience.  Also, 
many  of  the  subjects  stated  they  felt  their  |>er- 
formance  was  much  lietter  with  the  moving- 
aircraft  instrument.  Statistical  analyses,  of 
course,  showed  these  lieliefs  to  lie  erroneous  in 
large  part.  This  jioint.s  out  the  hazard  of  testing 
and  judging  the  relative  merits  of  aircraft  in¬ 
struments  and  control  systems  on  the  basis  of 
subjective  evaluation— as  has  lieen  done  some¬ 
times  in  the  past — even  when  some  or  all  the 
testers  are  highly  trained  and  e.\|ierienced  pro¬ 
fessional  test  pilots.  Only  by  use  of  judicious 
flight  protocol  design  and  statistical  testing  can 
the  true  merits  of  a  particular  instrument  or 
system  lie  disclosed. 
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Appendix 


Description  of  Low  Time  Flying  Ex|ierienee  Subject  Group 


N: 

Age: 

Total  Hours: 
Recent  Exp.: 

Instrument  Exp.: 

Licenses : 
Instructors: 

T-34  Exp. : 


16 

24-56  yrs.  (Inst  birthday)  Menn40yrs. 

80-326  Ill's,  (rounded  to  full  lire.)  Mean  lire — 178. 
Zero  to  116  lire,  last  12  mos.  Mean  27  lire.  5  Ss 
with  less  than  10  lire.  Inst  12  mos.  including  one 
with  no  time  during  that  i>eriod. 

Two  to  20  lire  total  (including  simulator  time) 
Mean  7  lire. 

14  Private.  2  Commercial 
Xone 

Only  two  Ss  had  any  previous  e\|»erience  with  the 
T-64.  One  had  2  lire.:  the  other  18  lire. 


Appendix 


Description  of  High  Time  Flying  Ex|>erience  Subject  Group 


X: 

Age: 

Total  Hours: 

Recent  Exp.: 

Instrument  Exp.: 

Licenses : 
Instructors : 

T-64  Exp. : 


16 

25-60 yrs.  (last  birthday)  Mean  47 yrs. 
l.6oo-is,oon  lire,  (rounded  to  full  hours)  Mean 
7,885  lire. 

.V >—.*»< h »  lire,  last  12  mos.  Mean  145  lire.  Approxi¬ 
mately  half  with  loo  or  more  lire. 

100-1,500  hre.  total  (including  simulator  time). 
Four  Ss  had  1,000  or  more  lire. 

0  ATR.  7  Commercial 
11 

6  had  none;  10  had  from  2  to  1,200 lire. 
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